This study determined the presence of Tremovirus A as the possible agent related to Avian Encephalomyelitis in broiler chicks from the states of São Paulo (SP) Paraná (PR), Goiás (GO), Santa Catarina (SC) and Rio Grande do Sul (RS), between the years 2006 and 2015. Samples of the nervous, digestive, respiratory, immune, and renal systems, plus muscular organs from broiler chicks with neurological problems such as ataxia and muscle tremors, and four (4) commercial vaccines as positive control, were tested by reverse-transcriptase (RT-PCR) amplification and DNA sequencing. A highly conserved region (P1) of the viral genome, was used to amplify a segment which encodes a structural protein VP4. Out of 112 samples, 46 were positive (42%) for Tremovirus A, that was identified in the nervous, digestive, respiratory, renal and immune systems. The phylogenetic analysis clustered together the nucleotide sequences of the 46 samples, the four commercial vaccine strains and the reference sequence of Calnek strain obtained from the GenBank. According to these results, we conclude that the presence of Tremovirus A in these Brazilian chicken flocks distributed in all states was due to flaws in the biosecurity measurements.
INTRODUCTION
Tremovirus A, also known as Avian Encephalomyelitis Virus (AEV) until 2014 (Knowles et al., 2012) , was described for the first time in the United Stated in 1932 (Jones, 1932) and it has been associated to the Avian Encephalomyelitis (AE) disease (Tannock & Shafren, 1994) . This disease mainly affects young birds like broilers, turkeys, pheasants and quails between 1 or 2 weeks of age (Suarez, 2013) . Although adult birds do not show clinical signs of disease (Tannock & Shafren, 1994) , it may decrease egg production and hatchability (Taylor et al., 1955) , affecting the poultry industry around the world economically (Calnek, 1998; Bakhshesh et al., 2008) . Young birds infected with Tremovirus A have shown signs of ataxia, weakness in the legs, reduced mobility and tremors mainly in the head and neck (Olitsky, 1939) . Although the Tremovirus A has a protein similarity with the genus Hepatovirus (Marvil et al., 1999) , it is classified within the genus Tremovirus, of the family Picornaviridae (Knowles et al., 2012) , and until now this is the only specie in this genus. The viral particle has a diameter of 24-32 nm, non-enveloped, icosahedral and with an external structure composed by 32-42 capsomeres (Gosting et al., 1980) . The virus genome contains 7032 bp encoding a polyprotein P1, P2 and P3. The P1 region codes 4 structural proteins: VP4, VP2 (VP0), VP3 e VP1. The P2 and P3 regions encode the non-structural proteins 2A, 2B e 2C e 3A, 3B, 3C e 3D (Marvil et al., 1999) . There are two types of strains of Tremovirus A, a natural enterotropic strain and a highly neurotropic embryoadapted strain (Suarez, 2013) . The enterotropic strain is transmitted horizontally by the oral route, and it is disseminated by feces (Boros et al., 2014) . This strain causes neurological problems in susceptible chicks, and it is practically asymptomatic in birds older than 3-4 weeks of age. However, this virus can cause a drop in egg production in breeders and laying hens, in addition to vertical transmission of the virus through the eggs (Calnek, 1998) . The embryo-adapted strain is produced by repeated passages by intracerebral inoculation in chicks or inoculation in embryonated eggs (Tannock & Shafren, 1994) . These strains cause severe neurological changes in birds of any age after intracerebral inoculation and even by parenteral inoculation (Calnek, 1998) , but after oral ingestion, the ability to be transmitted by feces is lost due the incapacity of multiplication in the digestive cells of birds (Ikeda et al., 1976) . The transmission of enteric strains occurs horizontally through the feces and vertically through infected embryonated eggs, both under natural conditions (Yu et al., 2015) . The time of virus excretion depends on the age of the infected birds, so, birds with less than two weeks of age usually excrete the virus for two weeks, and birds older than 3 weeks of age, excrete the virus for about 5 days (Westbury & Sinkovic, 1978) . Vertical transmission occurs when breeders do not show immunological activation against the virus and are infected during the laying period, transmitting the virus to the progeny (Freitas & Back, 2015) . The objective of this work was to describe the several cases of neurological disturbs, associated with Tremovirus A, in chicks in the first week of age and establish a molecular characterizes in comparison with vaccine strains used in Brazil.
MATERIALS AND METHODS

Field samples
During the period of 2006 to 2015, the Laboratory of Avian Diseases -School of Veterinary Medicine of the University of São Paulo, received 112 samples comprised of different organs such as nervous, digestive, respiratory, renal and immune systems (cecal tonsils, bursa and thymus) of broilers from 21 poultry farms distributed in five Brazilian states, with history of neurological problems and suspected of Avian Encephalomyelitis, which are in the states of SP (n=14), PR (23), RS (n=45), GO (n=11), SC (n=19). These samples belonged to broilers between six and 49 days of age, as described following: whole brain (n=24), intestine (n=20), gizzard (n=12), proventriculus (n=7), sciatic nerve (n=7), liver (n=7), ceca (n=6), lung (n=5), kidney (n=5), bursa (n=4), thymus (n=3), cecal tonsil (n=2), cloacal swab (n=2), trachea (n=2), breast muscle (n=2), pancreas (n=1), spleen (n=1), heart (n=1) and bone marrow (n=1). Each sample was received, macerated and conserved at -20 °C. Approximately 750 µg of the macerated samples were used for RNA extraction. A sample was suspended in Phosphate Buffered Saline (PBS) 0.1M, pH 7.4, in a 1:1 proportion. The suspensions were vortexed and subjected to three freeze and thaw cycles to release the genetic material from cells. The suspensions were finally centrifugated at 12,000 x g for 30 minutes at 4°C, and then an aliquot was collected for RNA extraction. Commercial vaccines from Zoetis, Laboratory Bio-Vet, CEVA and Merial were used as positive controls and for comparison of phylogenetic analysis.
Reverse-transcriptase PCR and DNA sequencing
Isolation of RNA was performed by the Phenol-Chloroform method as described by Chomczynski (1987) , and the final product was stored at -20°C. RNA concentrations were measured on the NanoDrop 2000 Spectrophotometer (ThermoFisher Scientific Inc., Waltham, MA, USA). The final RNA concentration for the Reverse Transcriptase (RT) was approximately 1.500 ng/µl. The reaction mix for the RT was developed according to the Moloney Murine Leukemia Virus Reverse Transcriptase (ThermoFisher Scientific Inc., Waltham, MA, USA) kit instructions, using Random Primers synthetized by ThermoFisher Scientific Inc., Waltham, MA, USA. The primers used for the PCR were those described by Xie et al. (2005) , MK AE 1 (CTTATGCTGGCCCTGATCGT) e and MK AE 2 (TCCCAAATCCACAAACCTAGCC) which were designed to amplify a 619 bp specific segment of the VP2 gene in the P1 region of the viral genome published by Marvil et al. (1999) . The PCR reaction mix contained 2.5 µl of 10X PCR buffer, 4 µl of the 1.25 mMdeoxynucleotide triphosphate (dNTPs) mix, 1.25 µl of each 10 pmol primers MK AE1 and MK AE2, 0.75 µl of 50 mMMgCl, 1 U Taq DNA-Polymerase (ThermoFisher Scientific Inc., Waltham, MA, USA), 2,5 µl of cDNA, and ultrapure water to reach the volume of 25 µl. The amplification reaction occurred under the following conditions: a thermal cycle of 95°C for five minutes, followed by 34 cycles of denaturation at 94°C for one minute, annealing at 50°C for 30 seconds, extension at 68°C for one minute and a final extension at 72°C for 10 minutes. The final reaction was stored at -20°C. The PCR product was purified using the GPXTM PCR DNA and Gel Band Purification kit (GE Healthcare, Piscataway, NJ, USA), according to the manufacturer's instruction. Each purified sample was sequenced by the Sanger method using the two primers MK AE1 and MK AE2 for the forward and reserve reactions, using the BigDye ® Terminator Cycle Sequencing Kit v3.1 (ThermoFisher Scientific Inc., Waltham, MA, USA). The reactions were analyzed by the ABI 3730 DNA Analyzer (ThermoFisher Scientific Inc., Waltham, MA, USA).
Sequence analysis
The nucleotide sequences were edited by using the CLC Main Work Bench 7.7.1, software (CLC Bio-Qiagen, Aarhus, Denmark) and aligned with reference sequences: enterotropic strain Calnek (NC_003990), embryo-adapted strain Van Roekel (AY517471), Chinese strain L2Z (AY275539) and strain HM-175 from Hepatovirusgenus (NC_001489). The alignment was performed using the CLUSTAL W method, available in the ClustalX 2.0 software (EMBL-EBI, Wellcome Genome Campus, Hinxton, Cambridgeshire, UK). The phylogenetic tree was inferred using Neighbor-Joining statistical method with integrated in the MEGA 7.0.18 software (Tamura et al., 2011) . The similarity matrix for nucleotides and amino acids, were generated in the BioEdit Sequence Alignment Editor v. 7.2.5 software (BioEdit Sequence Alignment Editor v. 7.2.5 software).
RESULTS
Reverse-Transcriptase -PCR
From 112 samples tested with RT-PCR, the 619 bp specific segment was amplified in 46 samples (42%) ( Table 1 ). The positive results for each organ were: whole brain 10/24 (41.66%), intestine 9/20 (45%), gizzard 5/12 (41.7%), proventriculus 5/7 (71.4%), sciatic nerve 5/7 (71,4%), liver 4/7 (57.1%), ceca 3/6 (50%), lung 2/5 (40%), kidney 2/5 (40%), Bursa 2/4 (50%), thymus 1/3 (33.3%), cecal tonsil 1/2 (50%) in Table 1 . Tremovirus A was not detected in samples of cloaca swabs, pool of enteric and nerve tissues, trachea, breast muscle, pancreas, spleen, heart, and bone marrow. 
Sequence analysis
From 46 samples positive for Tremovirus A, a total of 38 were sequenced by Sanger method due to the optimal concentration of DNA, besides the 4 vaccines used as positive control. The similarity matrix showed that the nucleotide sequences of samples 529-1, 529-3, 529-4, 529-5 and 529-6 had 99.4% similarity with the nucleotide sequences of the four vaccines and the Calnek strain, 94.7% with the Van Roekel and L2Z strains, and finally 60.2% with the HM 175 strain ( Table 2) . The nucleotide sequences of the remaining 33 samples had 100% similarity to the nucleotide sequences of the four vaccines and the Calnek strain, 95.2% with the Van Roekel and L2Z strains, and finally 60.1% with the HM 175 strain. Regarding the amino acid sequences, the sequences of the 38 samples had 100% similarity with the four vaccine sequences and the Calnek strain, 98.9% with the Van Roekel strain, 97.4% with the L2K strain and 55.8% with the HM 175 strain. The sequences obtained from this study were submitted to the GenBank with the following accession codes: USP-BR-463-3 (KY292311), USP-BR-463-4(KY292312), USP-BR-463-5(KY292313), USP-BR-463-6(KY292314), USP-BR-463-7(KY292315), USP-BR-463-8(KY292316), USP-BR-463-9 (KY292317), USP-BR-463-10 (KY292318), USP-BR-463-11 (KY292319), USP- Table 2 -Results of similarity between amino acid and nucleotide sequences of the 38 positive samples, vaccines sequences and the reference sequences of Calnek, Van Roekel, L2K and HM 175 strains. Upper right rows correspond to the amino acid sequences, and lower left rows correspond to the nucleotide sequences. (Part 1) De la Torre D, Nuñez LF, Parra SHS, Astolfi-Ferreira CS, Ferreira AJP USP-BR-465-6 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
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AMINO ACID SEQUENCES Seq-> USP- BR-463-3 USP- BR-463-4 USP- BR-463-5 USP- BR-463-6 USP- BR-463-7 USP- BR-463-8 USP- BR-463-9 USP- BR-463-10 USP- BR-463-11 USP- BR-463-12 USP- BR-463-13 USP- BR-463-14 USP- BR-463-15 USP- BR-463-16 USP- BR-463-17 USP- BR-463-18 USP- BR-463-19 USP- BR-465-1 USP- BR-465-3 USP- BR-465-5 USP- BR-465-6 USP-BR-463-3 ID 100,
USP-BR-465-7 ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
USP-BR-465-8 100,0% ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
USP-BR-465-9 100,0% 100,0% ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
USP-BR-465-11 100,0% 100,0% 100,0% ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
USP-BR-465-13 100,0% 100,0% 100,0% 100,0% ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
USP-BR-465-16 100,0% 100,0% 100,0% 100,0% 100,0% ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
USP-BR-465-17 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
USP-BR-465-18 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% ID 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% De la Torre D, Nuñez LF, Parra SHS, Astolfi-Ferreira CS, Ferreira AJP 
DISCUSSION
Avian encephalomyelitis is a disease distributed worldwide (Tannock & Shafren, 1994; Boros et al., 2014; Haryanto et al., 2016; Welchman et al., 2009 ) and it has been described in Brazil in the state of Rio de Janeiro in 1692 (Chagas et al., 1962) and in the state of São Paulo in 1964 (Bueno et al., 1964) . In 2015, an increase in cases of Avian Encephalomyelitis was reported; they were diagnosed through histopathology and serological analysis in the southern region of Brazil between 2012 and 2013 (Freitas & Back, 2015) . The results obtained in this study, confirm those of Freitas and Back (Freitas & Back, 2015) , finding the Tremovirus A in Avian Encephalomyelitis outbreaks, but using molecular techniques as diagnostic tools. The Avian Encephalomyelitis associated to Tremovirus A is a disease that affects the nervous system in Young birds causing ataxia, weakness, tremors in the head and neck (Tannock & Shafren, 1994) , resulting in economic loss for poultry farmers due to a dropin food consumption and consequent decline in meat conversion (Boros et al., 2014) . The highest susceptibility to this virus, where the clinical signs occurs, are the two first weeks of life (Suarez, 2013; Tannock & Shafren, 1994) , which support our findings due to the age of the birds tested with positive results that were not more than 15 days old for 41 samples, and 5 with no age revealed. The main symptom of Avian Encephalomyelitis is the tremor in the head and neck caused by a disorder in the nervous system (Boros et al., 2014) , so, these organs are routinely tested for diagnosis of this disease. In this study, in addition to finding the virus in 39.1% of the brains and 71.4% of the sciatic nerves, the virus was also found in the digestive, respiratory, immune and renal systems. Thus, in addition to the organs of the nervous system, the digestive organs were also important for the diagnostic of Tremovirus A confirming the reports described by Tannock & Shafren (1994) because in this study, Tremovirus A was detected in 36.8% of the intestines, 41,7% of gizzards, 71.4% of proventriculus, 57.1% of livers and 50% of cecum. The virus was also found in 40% of lungs, 40% of kidneys, 50% of bursas and 33.3% of thymus, demonstrating the possibility of finding this virus in these organs during outbreaks of AE. Although the infections by Tremovirus A do
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not show clinical signs that affect the health of adult animals, they represent an economic risk for poultry farmers because there is a decrease in egg production (Yu et al., 2015) , decrease in the number of births and increase of embryonic mortality in the case of breeder infections (Taylor et al., 1955) . Another factor to be considered is that the progeny derived from these infected breeders, will have neurological signs associated with Avian Encephalomyelitis in the first weeks of life (Calnek, 1998) . The results obtained in this study suggest a possible failure in the vaccination procedures in breeders, either due to errors in the management of the vaccine, poor storage conditions, changes in the vaccination schedule or delay in vaccine application with possible viral inactivation. In the other hand, it is important to emphasize that thanks to the vaccination of the breeders, the transfer of antibodies to the progeny occurs (Westbury & Sinkovic, 1978) , and that failures in vaccination procedures will decrease antibodies concentration in the progeny, and if they are challenged with a field virus, the infection will affect the chicks. Another hypothesis to be considered is that breeders were not vaccinated, or they got the field virus during the laying stage due to biosafety failures. Through analysis of the amino acid sequences, 100% of the samples had similarity to the vaccines and the reference strain (Calnek) . The phylogenetic tree confirmed the data of the similarity matrix, clustering all the sequences within the same group of reference strains of Tremovirus A. The strain MH 175 was placed in a different group because it corresponds to a distinct genus called Hepatovirus (Knowles et al., 2012) , which would explain one of the reasons for Tremovirus A to be withdrawn from the genus Hepatovirus for the new genus Tremovirus A (Knowles et al., 2012) . Finally, all the viruses found in the samples correspond to the same molecular pattern of Tremovirus A. Probably, a failure occurred in the biosecurity procedure for preventing the outbreaks of AE in progeny, due to the practice of vaccination nearby laying phase.
CONCLUSIONS
Tremovirus A presented the same molecular pattern of four vaccines used as control in this study. Considering the management of vaccine delivery to protect against Avian Encephalomyelitis, biosecurity measurements should be considered as a primordial pathway to avoid outbreaks in the progeny associated with vaccination programs as the best strategy for controlling AE outbreaks in chicken production.
